Abstract: Application of nitrogen fixing biofertilizer, such as Azotobacter, has a potential for reducing nitrous oxide (N2O) emission. The aim of this study was to examine the effect of nitrogen fixing biofertilizer addition to common practices of urea and fresh cattle manure usages for maize (Zea mays L.) growing on N2O emission. The field experiment was conducted at Gunung Kidul, Yogyakarta, Indonesia. The treatments were addition of fresh cattle manure (M), fresh cattle manure added with nitrogen fixing biofertilizer (MB), urea (U), urea added with nitrogen fixing biofertilizer (UB), and control (no N fertilizer added). Nitrogen contents of the added urea and fresh cattle manure were adjusted to be equal. Urea and fresh cattle manure were given three times throughout the experiment period, i.e. 12, 30, and 48 days after planting (DAP). Urea was given at a rate of 44, 29, and 15 kg.ha -1 , respectively while fresh cattle manure was given at a rate of 6000, 4000, and 2000 kg.ha -1 , respectively. The emitted N2O was collected using a closed-chamber method at 24, 42, 60, and 72 DAP and were determined using Gas Chromatograph. Soil properties including available N (NH4 + -N and NO3 --N) and organic C contents were also analyzed. On the harvesting time, the harvest index and the grain yield were determined. Biofertilizer addition influence decomposition process of cattle manure and urea that led to mineralization and nitrification of residual organic matter and hence to cause soil NH4 + N in the order concentration of M treatment > MB > U > UB > C, and soil NO3 --N of MB treatment > M > U > UB > C. Reduction of NO3 -N was resulted in the highest N2O emission of M > U > MB > UB > C (P < 0.01). The grain yield, and harvest index of maize were resulted in the order value of MB > UB > U > M> C treatments. Available mineral N and soil organic C contents strongly affected N2O emission (P < 0.01). The results suggested that biofertilizer addition to common agricultural practices reduce N2O emission and simultaneusly increased grain yield, and harvest index of maize.
INTRODUCTION
Concentration of N 2 O in the troposphere is currently increasing at a rate of 4.6% from 2006 to 2008. Soil has been identified to be dominant source of N 2 O, contributing about 15.8% of the total N 2 O emission. Nitrous oxide has a long lifetime of about 114 years in comparison to CH 4 and CO 2 . Therefore, it has a more important role in the destruction of stratosphere ozone and contributes to global warming [1] .
From our community services activities, it was noticed that most of farmers at Gunung Kidul, Yogyakarta use N fertilizer in the form of fresh cattle manure and urea for growing agricultural commodities. Application of fresh cattle manure and urea for grassland, rice and maize [2] [3] [4] may lead to the production of N 2 O in soils and its emission [5] . Skiba and Smith [6] suggested that soil N 2 O emission is not simply affected by the availability of mineral N, but also affected by organic carbon.
Biofertilizer applications, particularly N 2 fixing bacteria such as Azotobacter, have been reported to *Address correspondence to this author at the Dept. of Agricultural Microbiology, Fac. of Agriculture, Universitas Gadjah Mada, JL. Flora, Bulaksumur, Yogyakarta 55281, Indonesia; Tel: +62274523065; Fax: +62274563062; E-mail: irfan_prijambada@mail.ugm.ac.id increase crop yields while reducing the amount of applied N fertilizer [7] . Biofertilizer applications are more environmentally sound and their applications may mitigate the onset of global warming due to N 2 O emission. However, most of farmers at Gunung Kidul Regency, Yogyakarta have not taken the advantage of biofertilizer application yet. A drastic change on the use of biofertilizers over N-fertilizer and manure is surely will not be accepted by the farmers at the area. A gradual change by combining biofertilizer application with common practices of N-fertilizer and manure usage is attempted. No report has been published regarding the effect of nitrogen fixing biofertilizer application combined with common practices of Nfertilizer and manure usage in agriculture, especially at tropical regions such as Indonesia, on the emission of N 2 O. This study was aimed to examine on field N 2 O emission in response to the application of nitrogen fixing biofertilizer combined with common practices of urea and fresh cattle manure usage at maize-growing field in Gunung Kidul, Indonesia
MATERIALS AND METHODS

Field Site and Experiment Design
The research was conducted on agricultural land located in Beji Village, Gunung Kidul, Yogyakarta, Indonesia (110° 40 48.52 E, 7° 50 34.20 S, 240 amsl) during dry season from April to August 2011. The temperature was fluctuated from 25.4 to 27 °C, and the average humidity was 80 %. Numbers of days with precipitation for April and May were 10 and 8, with total precipitation of 154 and 168 mm, respectively. No precipitation occured on June to August. The soil at the experimental site has a clay texture which content of 8 % sand, 15 % silt and 77 % clay. The soil pH (in a 1:2.5 soil to water), soil moisture, organic C, total N, and C/N ratio were 6.8, 68 %, 0.9 mg.g -1 , 0. ).
Measurements
All samples for measurements were collected at 24, 42, 60, and 72 DAP. For NH 4 + -N, NO 3 --N and organic C analysis, soil samples were collected from the plots at a depth of 0-30 cm and sieved through 2 mm sieve. Soil NH 4 + -N was extracted by 1M KCl and was determined following the procedure of Anderson and Ingram [8] , while NO 3 --N was determined colorimetrically after extraction by 0.5 M K 2 SO 4 [9] . Soil organic C content was determined by wet oxidation with acid dichromate [10] .
Air samples for N 2 O analysis were taken manually using a closed 0.4 m x 0.15 m x 0.15 m polyvinyl chloride (PVC) chambers. Three closed chambers were used per plot per treatment. Gas samples were taken between 8.00 to 10.00 a.m. with regular intervals (0, 20, 30, and 40 min) after inserting the chambers into the soil at a depth of 0.05 m. At each time-point, gas samples (10 mL) were collected from the chamber headspace and then sealed with butyl rubber stoppers immediately. Nitrous oxide concentrations in the samples were determined using a Shimadzu Gas Chromatograph GC 2014 Greenhouse model, equipped with an electron capture detector (ECD) and a Porapack Q column at 70°C, using N 2 as the carrier gas at a flow of 26 mL.min ) were calculated from the increase of N 2 O concentration inside the chamber per unit time using the following equation [11] . On the harvesting time, five randomized selected plants samples in each plot were determined total plant biomass for measuring the harvest index and the grain yield.
Statistical Analysis
All statistical analysis were performed using StatView for Windows (SAS Institute, Cary, NC, USA) and were based on P < 0.01. Treatment effects were assessed using analysis of variance (ANOVA) and differences assessed by Duncan Multiple Range Test (DMRT) method. A multiple linear regressionprocedure was used to establish the relationship between the observed soil properties and N 2 O emissions.
RESULTS
Nitrous Oxide Fluxes
Different treatment significantly affected the N 2 O fluxes. The N 2 O emission from all treatments were higher than that of control from the 24 until 72 DAP (P < 0.01). These results indicated that the addition of nitrogenous fertilizers to agricultural soil significantly promoted the N 2 O emission. All treatments stimulated N 2 O emissions in the range of 1.5-10.5 g.m -2 .min -1 .
Their emissions were 12-40 times higher than the control plot (Figure 1 ). Maximum N 2 O emission was observed at 24 DAP (P < 0.01). The N 2 O emissions decreased at subsequent observations (42, 60, and 72 DAP). The N 2 O emission from plots receiving nitrogen fixing biofertilizer were lower compared to that without nitrogen fixing biofertilizer (P < 0.01). 
Soil Properties
To further understand the factors which affect the reduction of N 2 O emission in response to the application of nitrogen fixing biofertilizer, soil properties such as soil NO 
Relationship between Soil Properties with Nitrous Oxide Emission
A significant two-ways interactions (fertilizer usage and sampling time) was observed (P < 0.01) between soil NO 3 --N, NH 4 + -N, organic C contents and N 2 O 
Grain Yield and Harvest Indext of Maize Plant
All treatments had significant (P < 0.01) effects on grain yield, and harvest index of maize plant ( Table 2) . The higher grain yield, and harvest index were observed from data of MB, followed by UB, U, and M treatments. Maize grain yield of MB, UB, U, and M treatments were 4.06 t.ha ). The values in present study were higher compared to the result reported by Dambreville et al. [12] who observed the emission in the maize field receiving pig manure. The higher emission in this research may be caused by the higher clay content of soil, temperature and rainfall. Higher clay content of soil caused anaerob condition and induced for N 2 O emission [13] [14] [15] . Temperature affects directly the activity of the nitrifying and denitrifying bacteria and the ratio N 2 O/N 2 , this ratio increase when the temperature increase [16] . Moreover, temperature controls biological oxygen consumption and this may also affect the emission of N 2 O. In addition, many studies have reported the positive correlation of N 2 O emission and rainfall [17] [18] [19] [20] . However, that emission was lower compared to the results reported by Jumadi et al. [4] and Zhang et al. [21] who observed an increase of N 2 O emission in maize plots experiments after receiving urea and amonium sulfat plus poultry manure. The higher N 2 O emission from soil receiving fresh cattle manure compared to the one receiving urea may be caused by the availability of organic C in fresh cattle manures which was stimulating denitrification process [22, 23] . The results were in accordance with the results of Morley and Baggs [24] who reported that N 2 O production correlates positively with soil organic C. The lower N 2 O emission from soil receiving nitrogen fixing biofertilizer compared to the one with no biofertilizer may be caused by the ability of Azotobacter sp. to reduce N 2 O concentrations by denitrification process to produce N 2 gas [25] . Because of the high rates of N 2 O emissions occured at the field receiving M treatment, further effort to mitigate N 2 O emission from fresh cattle manure will be needed. Mahimairaja et al. [26] and Yamulki [27] reported an appropriate technique for composting of cattle manure was by adding straw or woodchips before application in the field which may reduce the N 2 O emissions up to 30 _ 35%.
In this experimental field, eventhough all plots were given fresh cattle manure and urea with the same N content over periods of growing maize plant, the soil mineral N contents (NO On other hand, the treatment of nitrogen fixing bacteria addition to urea may caused the nitrogen fixing bacteria to become a competitor for one group of nitrifying microorganism, namely heterotrophic nitrifying microorganism to gain organic carbon in which was low in the treatment of urea addition [29, 30] . It was resulted in lowering NO 3 --N concentration of UB treatment. The NO 3 --N (highest at MB treatment) furthermore caused inhibition of nitrogenase which then promoted denitrification process by Azotobacter sp. [31] as a few of strain Azotobacter sp. has been reported to have both abilities on N 2 fixation and denitrification [32] .
Biofertilizer addition with manure (MB treatment) and urea (UB treatment) increased maize grain yield, and harvest index significantly (P < 0.01) than M and U treatment, while simultaneously reducing soil N 2 O emissions during their growing significantly (P < 0.01). These conditions may be partly explained by reducing of soil nutrient N losses through N 2 O emissions, furthermore maize plant can take up efficiently and convert available nutrient N in soil to biomass and grain yield. The increase of grain yield, and harvest index also indicate a cumulative effect of successive biofertilizer applications in maize plant crop. As reported by Vessey et al. [33] , biofertilizer not only contribute to N fixation, but they also involved in the biological control of plant pathogens, solubilization of nutrients and phytohormone synthesis. Moreover they can also bind soil particles into stable aggregates, which improve soil structure and reduce erosion potential [34] . Eventhough soil N 2 O emissions of MB treatment was higher than UB treatment, maize grain yield, and harvest index of MB treatment was higher 20 % and 7 % as compared to UB treatment. These situations may be caused by rich nutrient composition inside fresh cattle manure that support for growing Azotobacter (Biofertilizer). On the contrary, urea less supportive of Azotobacter growth [35] .
CONCLUSIONS
It may be concluded that application of nitrogenous fertilizer significantly stimulated N 2 O emission. The application of fresh cattle manure may produce higher N 2 O emission. Addition of nitrogen fixing biofertilizer in combination with nitrogenous fertilizer could reduce the emission and simultaneusly increased maize grain yield, and harvest index (P < 0.01). The application of nitrogen fixing biofertilizer can mitigate the problem of N 2 O emission.
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